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We conducted glaciological observations in the northwestern Greenland Ice Sheet to elucidate spatiotemporal variations of 
snow accumulation conditions under the projects of GRENE-Arctic and SIGMA (snow impurity and glacial microbe effects on 
abrupt warming in the Arctic) since 2011. Annual mass balance at 1500 m of elevation site (SIGMA-A) decreased since 2000 
suggesting the run off of melt water have occurred since 2000 below 1500 m elevation. Annual mass balance at upstream area 
of Heilprin glacier (SIGMA-D) has not varied since 1660s. We also measured flow velocity around SIGMA-D site and 










ルベドの変化と氷床融解過程の理解に、それぞれ重点を置いた（Sugiyama et al., 2014, 2015; Aoki et al., 2014; 




	 図 1 に観測場所を示す。SIGMA-A（78.052°N, 67.628°W, h=1490m a.s.l）では 2012−14 年に積雪の観測を行った。
2012 年に 19m の雪氷コアを採取した。SIGMA-A2（78.10°N, 64.08°W, h=1800m a.s.l.）では、2013 年に観測を行い、
6.5m の雪氷コアを採取した。これらの雪氷コアは現地で数センチメートル毎に切断して融解させ、日本に持ち帰
って化学分析を行った。SIGMA-D（77.636°N, 59.120°W, h=2100m a.s.l.）では 2014 年に観測を行い、浅層メカニカ
ルドリルで 222.5m のアイスコアを採取した。アイスコアは現地で一部を数センチメートル毎に切断して融解させ、
残りは冷凍で日本に持ち帰ってから処理を行い、化学分析を行った。SIGMA-A、SIGMA-A2 は氷床の尾根上に位




負のピーク間の距離から年間の涵養量を求めた。また、SIGMA-D アイスコアは 1963 年のトリチウムピークを示
準層として年層を確認した。図２に各サイトの雪氷コアから復元された年間質量収支の時間変化を示す。SIGMA-
A のみ 2000 年以降、年間質量収支が減少している傾向が示された。SIGMA−A では、20m 雪温は-20 度であり夏期
の融解水が再凍結するためにも十分低い温度であるが、2011 年、2012 年の夏期にはその年の冬季に堆積した積雪




	 SIGMA-D 雪氷コア 222.5m 中、現時点で 112m まで解析が終了している。112m で 1660 年に相当した。1660 年
から現在までの平均年間質量収支は 0.25m w.eq. yr-1 で、小氷期中期から現在にかけて大きな変動を示さなかった。
つまり涵養域から Heilprin 氷河への氷体の供給量は小氷期から現在にかけて一定であるということが示された。 
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Figure 2. Variations of annual mass balance at 
SIGMA-A, SIGMA-A2 and SIGMA-D sites 
reconstructed with seasonal variations of 
water isotopes. 
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6.4　Snow-pit observations
　　On 14 May, we conducted snow-pit observations 
down to a depth of 1.25 m.　The observation variables 
were snow temperature, stratigraphy, and density (Fig. 5).　
Snow samples for chemical analysis were collected at 
3-cm depth intervals using stainless-steel tools, and each 
sample was placed in a separate polyethylene bag.　Sam-
ples for major ion and stable isotope analyses were melt-
ed in a water bath and decanted into pre-cleaned polypro-
pylene bottles.　Samples for heavy metals were collected 
at roughly 3- to 4-cm intervals using the same stainless-
steel tools and then packed individually in new polyeth-
ylene bags.
　　On 21 May, we dug another snow pit to a depth of 
2.5 m for NIR photometry analysis.　After digging the 
snow pit, we smoothed the surface of the walls as much 
as possible with a single-edged snow saw and then 
covered the snow pit roof with translucent cloth (polyvi-
nyl chloride, 1.5 mm thickness) to supply homogeneous 
diﬀuse illumination conditions under solar radiation.　The 
observation system employed for NIR photometry was 
the same as that used for the ice core described in Sec-
tion 6.3.　For calibration of NIR reﬂectance, eight sets of 
the same three Spectralon grayscale standards used in 
the procedure with the ice core were placed on a rectan-
gular metal frame in the observation zone of the snow-pit 
wall.　The remainder of the procedure for the NIR pho-
tometry measurements was identical to that for the ice 
core.
6.5　Ice-velocity measurements
　　On 6 May, we installed an aluminum pole at the ob-
servation site and mounted the antenna of a dual-
frequency GPS receiver (GNSS Technologies Inc., GEM-1).　
GPS satellite signals were recorded by the receiver every 
1s from 6 to 26 May.　The GPS data were post-processed 
with the static precise point positioning (PPP) method us-
ing an on-line software application (CSRS-PPP: http://we-
bapp.geod.nrcan.gc.ca/geod/tools-outils/ppp.php) main-
tained by Natural Resources Canada.　The horizontal ve-
locity during the survey period was calculated as 2.59±
0.13 m a－1 (Fig. 6).　
　　We also installed four additional poles at approxi-
mately 2 km north, south, east, and west from the obser-
vation site (Fig. 6).　We used the same device to record 
GPS satellite signals for ～40 min on 11 and 26 May.　The 
GPS data were post processed in static mode with data 
recorded at the drilling site as the reference station.　
The calculated velocities at the measurement sites are 
shown in Fig. 6.
6.6　Surface elevation
　　The ice sheet surface elevation was surveyed in the 
vicinity of the observation site by walking with a GPS re-
ceiver mounted on a sledge.　We used the same GPS de-
vice and the reference station data to post-process the 
GPS data in kinematic mode.　The surface elevation con-
tours based on these measurements are shown in Fig. 6.
6.7　AWS installation
　　An automated weather station (AWS) was installed 
near the drilling site on 10 May (Fig. 7).　The AWS mea-
sures the meteorological and snow parameters shown in 
Table 3.　The new installation proceeded without com-
plications, and everything is operating normally.　The 
electrical power is supplied from cyclone batteries in the 
snow, which are charged by solar panels.　For all instru-
ments, 1-min sampling and 10-min averaged data are 
Fig. 5.　Vertical proﬁles of snow density (a) and snow tempera-
ture (b), and snow stratigraphy in snow pit (c) on 14 May 
at SIGMA-D site. Broken lines in the ﬁgure (c) indicates 
boundaries of snow layers. An arrow in the ﬁgure (c) indi-
cates the snow type in a thin layer at 0.68-0.69 m depth.
Fig. 6.　Surface elevation measured by this study at contour 
intervals of 1 m, and locations of the flow velocity mea-
surements (solid circles) and horizontal velocity vectors 
(arrows). Coordinates are in UTM zone 20N (km).
 
Figure 3. Surface elevation measured by this study at contour intervals of 1 m, and 
locations of the flow velocity measurements (solid circles) and horizontal velocity 
vectors (arrows). Coordinates are in UTM zone 20N (km). 
